The Oregon Department of Transportation (ODOT) was interested in standardizing methodology for estimating costs of engineering and related services for purposes of negotiating contracts for those services. To accomplish this objective, current ODOT procedures, as well as those of other transportation agencies were studied. Recommended best practices were generally consistent across ODOT and other transportation agencies, so the emphasis of the research became documenting those procedures and compiling databases to aid in the estimating process. Two databases of ODOT projects were compiled. Databases include estimated consultant hours by tasks and descriptive information, such as project type, number of nonstandard drawings, total project cost, number of subconsultants, etc. The databases were analyzed to identify relationships between project characteristics and consultant contract hours required. Results of these analyses are presented. A procedure for use of the databases was developed. This paper summarizes the results of the research.
INTRODUCTION
This paper summarizes research conducted by the School of Civil and Construction Engineering of Oregon State University for the Oregon Department of Transportation (ODOT). The champions for the project within ODOT were the ODOT Procurement Office and the Major Projects Branch. The research sought to determine practices of ODOT and other transportation agencies for estimating costs of personal services contracts, and to provide guidelines for recommended ODOT procedures. As the research evolved, the opportunity to compile two databases to aid ODOT in negotiating contracts for engineering and related services appeared. Recommendations for use of the databases were developed, and incorporated in the recommended procedures.
The recommended procedure for preparing estimates for negotiating contracts for engineering and related services is first discussed. A summary of analyzes of the two databases is presented. Finally, conclusions and recommendations are presented. For a more thorough and detailed discussion of the research, the reader is referred to the final report for the research project (Rogge and Zhang, 2013) .
1. Determine the scope of work. 2. From the statement of work, determine the tasks that must be accomplished. 3. For each required task, estimate the hours of each type of resource (structural engineer, drafter, administrative assistant, etc.) required. Spreadsheets work well to make and summarize these calculations. 4. Multiply hours required by appropriate hourly rates to determine total labor cost. The audited hourly rates for the consultant with whom the contract is being negotiated should be used in the estimate. 5. Add estimates of costs for other direct costs such as travel, printing, telephone, etc. 6. Add an estimated value for reasonable profit. Worksheets have been developed (Florida 2011; Maine 2009; Oregon2011) for formulating a reasonable profit based on factors such as degree of risk, relative difficulty of project, size of job, period of performance, consultant's investment, assistance by DOT, and level of subcontracting.
The most challenging part of preparing the IGE is Step 3. Determining tasks required, and hours associated with those tasks is a challenge for ODOT negotiators, who are typically project managers and not full-time estimators. The research team concluded that compilation of databases of hours by task for past projects would assist the ODOT negotiators in accomplishing Step 3. Two opportunities for database compilation were found. One database was compiled from information provided by ODOT for engineering and related services for local agency projects administered by ODOT. This is referred to as the local agency projects database. The second database was compiled from information provided by Oregon Bridge Delivery Partners (OBDP), the program managers for ODOT's OTIA III bond program for bridge repair and replacement. This database is referred to as the OTIA III bridge database. The compilation and subsequent analyses of these databases are now discussed.
COMPILATION OF THE DATABASES
Both databases list hours by engineering resource for each standard task in matrix format. To have a manageable database, engineering resource hours were classified as "Engineering," "Technical, Non-Engineering," and "Administrative", as suggested by Ford (Ford, 2004) . Column titles list projects and row titles list project descriptive information, such as project title and project type, and standard tasks for PE and CE. There are three rows for each standard task; "Engr," "Tech, Non-Engr," and "Admin" hours. Type of project (preservation, modernization, etc.) and other potentially useful descriptive information, such as the number of non-standard drawings for the local agency projects database, and the area of bridge deck for the bridge database, are also provided. Hours are estimated hours prior to project execution rather than final hours after project completion. This is because the ODOT did not have the resources available to gather the information on actual expenditures and provide it to the research team.
Local Agency Projects Database
The local agency projects database includes 181 projects for which contracts were negotiated with 9 consultants between 2006 and 2011. Table 1 shows the distribution of these projects by ODOT's standard project types. The local agency projects database uses 19 standard tasks for PE and 5 standard tasks for CE, as shown in Table 2 . 
OTIA III Bridge Database
The OTIA III bridge projects database includes 124 projects. Eighty-one of the projects were for bridge repair, and 43 were for bridge replacement. For the repair projects, the most common type of bridge was "reinforced concrete deck girder." The OTIA III bridge projects database uses 15 major standard tasks with subdivisions and a "Contingency" task. In addition to the breakout of resources as "Engr," "Tech, Non-Engr," and "Admin," hours, an additional breakout for "Subconsultant" hours is provided. Table 3 provides a summary of the tasks. 
USE OF THE DATABASES
The databases are to be used to support the ODOT negotiator/estimator in completing Step 3 of the IGE process described above. The following steps should be followed when utilizing the databases for this purpose.
1. Search databases for similar type projects: a. Preservation, modernization, etc. for the local agency projects database b. Repair or replace and then type of repair or type of bridge for bridge projects database 2. Sort the projects identified in step 1 by construction cost, looking for project construction cost or total project cost (adjusted for cost escalation or de-escalation from the 2006 -2012 time frame of the databases) similar to the estimated project cost of the project being negotiated. 3. Look at the project descriptions. 4. From the projects identified in steps 1-3, identify the most relevant projects in the database and review their data. 5. For selected project(s) from Step 4, look-up details in the contracts and project information as needed. 6. Populate the cells of the estimating spreadsheet with estimated skill level and hours. 7. When the estimating spreadsheet has been populated with hours, perform reality checks to verify that the order of magnitude is reasonable. If not, more investigation is required: a. Check the total hours in the estimate against the total hours for the similar projects identified in step 4 above. b. Check the total hours in the estimate against the summary statistics provided in the final report (Rogge and Zhang, 2013) in Tables 4.6 -4.12 for local agency projects database and tables 4.13 -4.14 for OTIA III bridge database. Table 4 provides an example of one of these tables, illustrating the information summarized for the preservation projects in the local agency projects database. 8. When the contract administrator is comfortable with the hours, the estimate may be completed with appropriate audited hourly rates, estimate of other direct costs, and calculation of fee using the standard ODOT form. 9. When ODOT contract administrator and consultant negotiate the not-toexceed amount, reference to relevant projects in the database and to the summary statistics referred to in step 7b should aid in resolution of differences of opinion. 
ANALYSES OF THE DATABASES
The compilation of the databases provided the opportunity to investigate relationships between various types of descriptive characteristics (variables) of projects and the hours of effort required for delivery of PE and CE services. Were hours of effort closely related to factors such as square meters of bridge deck, total project cost, type of project (preservation, modernization, bridge, etc.), number of non-standard drawings, etc.?
For these analyzes, only total hours were used. Total hours is the sum of "Engr," "Engr, Non-Tech," "Admin," and "Subconsultant" hours. Total PE hours or total CE hours is treated as the dependent variable, and characteristics of projects are treated as independent variables. The coefficient of determination, R-squared, is determined through linear regression. If R-squared equals 1, it would indicate that the independent variable accounted for all of the variance of the dependent variable. A value of r-squared equal to zero would indicate that the independent variable explained none of the variance of the dependent variable. R-squared is used to determine the strength of relationship between the independent variable and the dependent variable (Chalmer, 1987) .
For the local agency projects database, tables of minimum, median, mean, maximum, and quartile values of PE and CE hours per million dollars total project cost, and per non-standard drawings were produced for each ODOT project type (modernization, preservation, etc.) with significant representation in the database. Table 4 provides an example for preservation projects. For the bridge database, similar tables of minimum, median, mean, maximum, and quartile values of PE hours per million dollars construction cost were made. As will be seen in the discussion below, these relationships between independent and dependent variables were the strongest in the databases. These tables are intended for use during the negotiating process to help the ODOT negotiator and the negotiator for the consulting engineer resolve discrepancies between their estimates.
Local Agency Projects Database
For the analysis of the local agency projects database, relationships that were strong relationships as measured by R-squared were total consultant PE hours with consultant project management engineering hours; total consultant PE hours with number of non-standard drawings; total consultant CE hours with number of non-standard drawings; total consultant PE hours with total project cost by some project types; and total consultant CE hours with total project cost by some project types.
Not surprisingly, the strongest relationship is between total consultant PE hours and total consultant project management engineering hours, producing an Rsquared value of 0.89. The hours values are estimates and the estimators likely estimated their project management engineering hours based on total consultant PE hours. The median percentage of total PE hours that were project management hours were 5.7% for bike & pedestrian projects, 5.6% for bridge projects, 6.8% for CMAQ projects, 6.5% for enhancements, 7.1% for modernization, 8.1% for preservation, and 9.9% for safety projects. Table 5 provides a summary of the R-squared values for relationships between hours and non-standard drawings and hours and total project cost for the most frequently encountered project types in the local agency projects database. It should be noted that:
1. There are strong relationships between number of non-standard drawings and total PE hours for modernization and for preservation projects 2. There are strong relationships between number of non-standard drawings and total CE hours for bike & pedestrian projects and for preservation projects. 3. There are strong relationships between total project cost and total PE hours for bridge projects and for modernization projects. 4. There are strong relationships between total project cost and total CE hours for bike and pedestrian projects, bridge projects, and modernization projects.
These are the strongest relationships encountered in the analyses of the databases.
OTIA III Bridge Database
Analyses of the OTIA III bridge projects database did not produce evidence of strong relationships between independent variables and dependent variable (total hours). The strongest relationship was between total PE hours and project management hours (R-squared = 0.51), but this relationship was not as strong as in the local agency projects database. The relationship between construction cost and total PE hours produced an R-squared of only 0.35. When subdivided into repair and replacement projects, the R-squared values were only 0.31 and 0.03 respectively. It was hypothesized that there would be a relationship between area of bridge deck and total hours, but examination of this relationship produced an R-squared value of only 0.03 for all projects, 0.05 for repair projects and 0.01 for replacement projectsvirtually no relationship.
CONCLUSIONS AND RECOMMENDATIONS
1. The two databases of estimated hours for engineering and related services by task provide useful tools for ODOT for negotiating future contracts for these services 2. In both databases, the strongest relationships exist between total hours and project management hours. It is likely that project management hours were estimated as a percentage of total estimated hours for other PE tasks. 3. Strong relationships existed in the local agency projects database between number of non-standard drawings and total PE hours and total CE hours for several types of projects as indicated in Table 5 . 4. Strong relationships existed in the local agency projects database between Total Project Cost and total PE hours and total CE hours for several types of projects as indicated in Table 5 . 5. The prime benefits to be gained from the databases compiled through this research project are the identification of projects similar to the project being estimated to determine hours for PE and CE tasks, and being able to compare the total hours in the estimate to median and quartile values for similar projects in the database as a reality check. 6. ODOT should use the databases following the procedures listed in this paper to prepare estimates for negotiating contracts for engineering and related services.
